Environmental interventions and ecological adaptations harbor millions of valued 43 substances and metabolites in plants which can be employed and commercialized for human 44 benefits. Present study encompasses the untapped potential of pine needles of Indo-45 Himalayan region for the production of different metabolites and their pharmacological 46 significance in terms of antioxidant and antimicrobial activity. Total phenolic and flavonoid 47 content from the needles of ten pine species was quantified using three different solvent 48 systems. Results revealed that out of 10 different selected Pinus species, Pinus taeda showed 49 highest concentration of total phenolics, soluble-F phenolics and flavonoids content 50 (approx.147.02 mg/g, 141.08 mg/g and 21.91mg/g respectively) as compared to other species. 51
followed by addition of 0.1ml of 1M potassium acetate and 2.8 ml of distilled water. The mixture was then incubated for 25 minutes at +25 0 C and the absorbance was recorded at 142 415nm using UV-vis spectrophotometer (Spectra scan UV 2700, Thermo scientific). The 143 result was expressed as mg of Naringin equivalent per gram of needle extract. The oxygen radical absorbance capacity (ORAC) of each fraction in selected pine needle 152 extracts was measured using the method given by Yoon et al., (2010) 14 . All the three fractions The inoculums were inoculated using Streak plating technique over the media. A sterile paper discs (5.5 mm of paper) soaked with 10 µlitre of the different plant extracts (100 mg/mL) 176 were added in the petri dish. Before incubation, all petri dishes were stored in the dark at 177 +4°C for 2 hours to facilitate the diffusion of the extracts into medium without microbial growth. After incubation at 37°C/24 hours for bacterial strains and 30°C/48 hours for fungal strains, activity was recorded by measuring the diameter of inhibitory zone (in mm). The 180 result represents average of three replicates. MIC is defined as the minimum concentration of the extract at which growth inhibitory 183 activity can be seen. In present study it was determined by the agar dilution method as 184 described by Ebrahimabadi et al., (2010) 15 . Plant extract was added to the sterile medium and 185 the resulting agar solutions were mixed and poured into the petri dishes. The plates were 186 inoculated with 1 µl of selected bacterial and fungal strains. as electron donors during free radical reactions 16 . In addition to genetic make up, it has been 206 observed that altitude and temperature are the major factors that affect phytochemical profile 207 of plants 17 . It was reported that the plant samples collected from lower temperature and higher altitude sites showed higher concentration of phenolic content 18 . In the present work 209 various species of Pinus were collected from same location thus the probability of variations 210 that exist among them with respect to the contents of phenolics and flavonoid may be solely 211 due to genetic differences within them. Among three different extracts, soluble free (Sol-F) extract showed maximum flavonoids 214 while water extract (Bound-W) showed minimum phenolic content (Table 1 and Figure 3 ).
215
The flavonoid contents of the three fractions from the ten pine needle species are shown in Bound-W) content (21.91±1.55 mg/g), followed by P.echinata (20.35±0.84 mg/g), and 218 P.patula (19.53±0.47 mg/g). Among selected species, the needles of P.echinata had the 219 maximum and P.thunbergii had the minimum ratio of total flavonoids to total phenolics. Trolox -1 ), P. khasya (898.8 ±51.7 μmol Troloxg -1 ), P. elliottii (792.8±21.6 μmol Troloxg -1 ), 246 P.greggii (670.3±30.2 μmol Troloxg -1 ), P.roxburghii (576.7±26.9 μmol Troloxg -1 ) and P. Pinus were evaluated using the disk-diffusion method, and the results are presented in Table   260 3. Pseudomonas aeruginosa was resistant to each of three extracts of ten pine needles while 261 other gram negative bacteria showed greater degree of resistance in comparison to gram Involvement of industrial entrepreneurs should also be promoted so that they can come 284 forward with novel concepts and desired technologies and move towards sustainable use of 285 pines. However, ecotoxicological implications must be imperative prior to marketization.
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